The taxonomy of two groups (designated as 3 and 4) of alginate-degrading Bacillus strains formerly classified as Bacillus circulans was studied. Three new group 3 and two new group 4 strains were isolated from soil and studied. High intragroup deoxyribonucleic acid (DNA) relatedness values of 87 to 96% and low intergroup values of 27 to 36% indicated that these groups were genetically distinct taxa. Furthermore, low DNA complementarity values of 22 to 37% established that these two groups with guanine-plus-cytosine contents of 47 to 49 mol% were not closely related genetically to the type strains of recognized species with similar base contents. Low relatedness values were also measured between strains from the two groups and Bacillus pabuli, another alginate-degrading species. In general, negative reactions for growth at 50°C, for anaerobic growth, for casein hydrolysis, for nitrate reduction, and for acetylmethylcarbinol production differentiated the two groups from the named species. Growth in 0.001% lysozyme and utilization of citrate, fumarate, and succinate separated group 3 from group 4, which neither grew in lysozyme nor utilized the three organic acids. The data from the present and previous studies suggest that group 3 and 4 organisms are strains of two new species, for which are proposed the names Bacillus alginolyticus and Bacillus chondroitinus, respectively.
Deoxyribonucleic acid (DNA) relatedness studies of 111 strains demonstrated that Bacillus circulans sensu lato was a heterogeneous species containing 10 relatedness groups (50 strains) and 61 miscellaneous, unrelated organisms (10, 11) . Group 1 included the type strain and 10 other genetically related strains; hence, this group represented B. circulans sensu stricto. Groups 5, 9, 10, and 11 have been named as the revived Bacillus species B. pabuli, B . lautus, B. validus, and B. amylolyticus, respectively (9) . The remaining five groups were considered to be unnamed species.
In a survey of the 10 B. circulans sensu lato groups, Hansen (6) discovered that groups 3, 4, and 5 produced alginate lyase activity, a characteristic not previously observed in Bacillus species. Furthermore, strain NRS-1351, a group 4 strain, also degraded desulfated chondroitin. Recently, a few more groups 3 and 4 strains were isolated at this Center. Alginates from the brown marine algae (Phaeophyces) are widely used technologically and industrially (8) . Thus, alginase-producing bacteria are potential problems for users of alginates, and information is needed for identification of these organisms. The presently known producers of alginases are gram-negative organisms (5) . Based on the novel trait, other phenotypic characteristics, and DNA relatedness measurements, this paper names groups 3 and 4 as the new species Bacillus alginolyticus and Bacillus chondroitinus, respectively.
Organisms exhibiting groups 3 and 4 characteristics were isolated from enrichment cultures prepared by inoculating 100 ml of alginate medium (NaC1, 5.0 g; MgS04, 0.2 g; NH4H2P04, 1 g; K2HP04, 1 g; sodium alginate 2.5 g; yeast extract, 0.1 g; and distilled water, 1 liter) with 10 g of soil samples previously treated with 100 ml of 75% ethanol for 1 h. The alcohol treatment favored development of sporeforming organisms (7) . After two separate growth cycles in fresh alginate medium, the cultures were serially diluted and plated on alginate medium modified to contain 1% sodium alginate, 0.003% bromthymol blue, and 1.5% agar. On this medium, a colony of alginate-hydrolyzing organism was surrounded by a blue halo. Of 35 organisms selected, 5 were judged to be either groups 3 or 4 (11) strains on the basis of DNA relatedness values determined spectrophotometrically by the method of DeLey (1) .
A range of 88 to 98% DNA relatedness was observed between the group 3 reference strain NRRL NRS-1347 and the isolates NRRL B-14419, NRRL B-14421, and NRRL B-14423 (Table 1) . High DNA relatedness of 90 to 97% was measured between the group 4 reference strain NRRL NRS-1351 and isolates NRRL B-14420 and NRRL B-14424. Low DNA relatedness of 27 to 36% indicates that the newly isolated group 3 organisms are not closely related genetically to the new group 4 isolates. Members within each group are highly related genetically. The new isolates are also getletically unrelated to the type strains of presently recognized species with similar guanine-plus-cytosine (G+ C) contents (44 to 47 mol%), namely, B. alvei NRRL B-383, B. brevis NRRL NRS-604, B . coagulans NRRL NRS-609, B. licheniformis NRRL NRS-1264, and B. polymyxa NRRL NRS-1105 (3). Low DNA relatedness (28 to 32%) was also measured between the new isolates and B. pabuli NRRL NRS-924, the type strain of another alginate-lyase producing species (6, 9) .
The foregoing DNA relatedness data and unique phenotypic characteristics (Table 2 ) establish that alginatedecomposing group 3 and 4 organisms are strains of two new species, for which the names Bacillus alginolyticus and Bacillus chondroitinus are proposed, respectively. Table 2 presents the salient phenotypic characteristics (determined by the method of Gordon et al. [4] Agar colonies are nonpigmented, translucent, smooth, circular, entire, and measure 1.0 to 2.0 mm in diameter after 3 days at 28°C.
Catalase produced. Oxidase not produced. Aerobic. Acetylmethylcarbinol (Voges-Proskauer test), indole, and hydrogen sulfide are not produced. pH in Voges-Proskauer broth higher than 5.5 at 7 days. Nitrate is not reduced to nitrite. Alginate, starch, Tween 80, and urea are usually decomposed. Casein, egg yolk lecithin, and tyrosine are not hydrolyzed. Arginine, lysine, and ornithine are not decomposed. Citrate, acetate, fumarate, malate, and succinate are utilized. Grows at pH 5.6 or 5.7, and in the presence of 0.001% lysozyme. Growth is inhibited by 3% NaCl. No change occurs in litmus milk in 7 days.
Optimum growth temperature is 28 to 30°C, the maximum is 35 to 40"C, and the minimum is 5 to 10°C.
Acid but no gas produced from L-arabinose, cellobiose, D-fructose, D-galactose, D-glucose, lactose, maltose, D-mannitol, D-mannose, melibiose, L-rhamnose, D-ribose, salicin, sucrose, trehalose, and D-xylose. Sorbitol is not fermented.
DNA buoyant density (12), 1.7064 to 1.7081 g/cm3; G+C content, 47 to 49 mol%.
Source: soil. The type strain is NRRL NRS-1347. It is phenotypically identical to other strains of the species.
Bacillus chondroitinius (chon.dro'i.tinus. M.L. adj. chondroitinus, of chondroitin, pertaining to chondroitin). Cells are rod shaped, 0.5 to 1.0 pm wide by 3.0 to 5.0 pm long as measured by phase microscopy, and exist singly and in short chains. Motile. Gram positive. Produce ellipsoidal spores in swollen sporangia.
Agar colonies are nonpigmented, translucent, smooth, circular, entire, and measure from 1.0 to 2.0 mm in diameter after 3 days at 28°C.
Catalase produced. Oxidase not detected. Aerobic. Acetylmethylcarbinol (Voges-Proskauer test), indole, and hydrogen sulfide are not produced. pH in Voges-Proskauer broth is higher than 5.5 at 7 days. Nitrate is not reduced to nitrite, Alginate, starch, Tween 80, and urea are usually decomposed. Casein, egg yolk lecithin, and tyrosine are not degraded.
Arginine, lysine, and ornithine are not decomposed. Citrate, fumarate, and succinate are not utilized. Acetate and malate are utilized by most strains.
Grows at pH 5.6 or 5.7. Growth is usually inhibited by 3% NaCl and 0.001% lysozyme.
Litmus milk is not changed in 7 days. Optimum growth temperature ranges from 28 to 30°C, the maximum is from 35 to 40"C, and the minimum is from 5 to 10°C.
DNA buoyant density (12) +, Positive; 0, positive with gas formation; -, negative: v, variable; NA, data not available.
Alginate hydrolysis determined in this study. Data taken from reference 3.
